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The VlC-J'ii IS de^^igned to de s versatile tool. Color graphics, 
power f ui EiA5 1 L » ver y 1 ow price and the 65LJi mi croproceesor CPU g i ve 
it a verv wide spectrum oi users, from the novice who wants to 1 &sirn 
pr oqr amiTii ng to the eng i neer who uses it as a super cal cu I ait or . 

Useful as these software-type app 1 i at i ons may be, they do not 
address the vast and e>:Citing possiblities of interfacing VIC to the 
real world and its uses as a controller of physical processes. 
Nei ther Commodor e, it's manuf ac t urer . nor the various peop 1 e who have 
written articles adout it, seem to apprehend the potential of the 
VIC-20 as controller. 

1 1 tised to b& that if you wanted a computer for cDntrol appl i ra- 
ti on s* you got a Rock we 1 1 AIM-65- Now that the VIC is available, 
you will find that it costs less than 407. of a comparably equipped 
AIM, it is much more user friendly and it is neatly packaged ss 
opposed to the AIM that is not packaged at all. 

One of the objectives of this book is to show you how to interface 
your VIC so that it can senee physical variables and control 
processes. The other objective is to show you how you can eiipand its 
capabilities to make it a more powerful and versatile system. 

The wi de var i et y of bac i- grounds of the VIC users mal;es it diffi- 
cult to target the level of the book. The interfacing techniques pre- 
sented here rfiAy be used by a high school student who bui 1 ds a sci ence 
project or a professor who needs to control an e>:perim©nt. Hopefully 
the book will be useful to anyone who has (or is willing to acquire) 
a minimal backoround in electronics and can read schem^itics. 

So the message is, if you dabble in things electronic, this boolc 
should contain enough information to successfully build at least some 
of the projects. Whether you can build something depends ftiore an your 
deterffiinati on to succeed and 1 ess on yoLir qual ifications when you 
start out. 

Begin by surveying the projects to find which ones you would 
really like to build. Scan these desi rab 1 e pro jec t s to find the ea^i - 
est one for you to build and the one that you s&emi to understand 
best. To help you in your selection, the 10 first projects are the 
easj est ones to buiid. If you do encounter prota 1 ems , don ' t gi ve up , 
look for help. The local user's club is a good place to start. 

An ef fort h**s been made to keep the? wr iting style si mp 1 e and un- 
cluttered. There are many things that could have been included to 
make the book many times as thickto keep page counters happy* Et was 
dec 1 ded that it is much better to k.eep the wr iting to the point 
rather than drown the necessary and i mportant i ntp the mi 1 dl y 
relevant . 

Thus the reader is referred to other sources for additional 
information. The VIC-20 Progranrmers Reference Guide is a required 
companion to this book and in general to the serious VIC user. It is 
a 1 so a good idea to get from the manuf ac t urer the spec i f x cat i on 
sheets o^ the IC's used in the projects that interest you. The cust- 
mary (for this type of book) section on basic electronics is omitted 
Vour 1 oc al 1 1 brar y will have at 1 e^st a few good tex ts on i ntro- 
dLic tor y e I ec t r on i c s . 

Most of the projects presented here will i n ter f ace to the user 
port. This simplifies building any one project but at the same t i me 
restr i cts the number of projects that will operate si mul taneousl y 
because there is only one user port. This problem is not serious 
because it Is relatively st r ai ght f or w5trd to add one or more equiva- 
lents of the user port (with only a filightly different addressing). 
Project 20 details how to do this. 

For those who would like more advanced (and more complicated) 
1 nterf ac i ng projects, there will be a vol ume II of the Blue Bonl: 
where all the projects will interface to the expansion bus. 

Your comments and questions on this book and your suggestions for 
pro jects you woul d like to see i n vol . II are welcofne, I will not be 
ab 1 e to answer any mai 1 i ndi vi dual I y , but 1 will give credit to the 
readers whose input will be incorporated ih future editions of this 
book and vnl . II. 



V, J . Georqi ou 



>r'nta Barbarct, June 1962 



A. 



A good nearby source of materials Is your neighborhood Radio Shack 
store. 1+ you cannot find something there, check the yellow pages 
Linder Electronic Parts, Retail to see if there is s company in your 
area that can supply it. If you cannot find it locally or if you 
prefer mail order (usually you get better prices mail order and you 
don't pay state ta>:), you can get addresses of mail order -firms from 
the bad! pages of magazines like Byte or Popular Electronics. When 
buying mail order keep in mind that if a business has been around 
more than a few months, most likely they are not dishonest. However 
you cannot judge the service you will get nor the quality of the ma- 
terials until you try thetti or hear from somebody that has experience 
with them. Based on our own experiences with them, the following mail 
order companies are above average in quality of service and merchan- 
d i se : 



JAMECO eLECTRONICS 
1355 SHOREWAY ROAD 
BELMONT, Cft. '?4002 
(41 3> -592-8097 



DielTfiL RESEARCH! PARTS 
P.O. BOK 401247 
BARLAND, TX 75040 
(2141 271-2461 

CALIFORNIA DIGITAL 
P.O. Ba>: ZO^Tb 
TORRANCE, CA. 90503 
(800) 421-5041 

DI61-KEY CORP. 

HIGHWAY 32 SOUTH 

THIEF RIVER FALLS, MN 56701 

(800) 346-5144 

WALLEN ELECTRONICS 

lOB SAW TELL AVE. 
BRDCTON, MA 02402 

(617) SBB-6440 

MDUSER ELECTRONICS 
11433 WOODS IDE AVE. 
SANTEE, CA 92071 
(714) 449-2222 



Wallen is an industial surplus distributor. Mauser is an importer 
of new parts from the Far East, probably the largest operation of its 
l ind. These distibutors have a $20 minimtim and they are used to deal 
with companies rather than individuals, so be ready to play by their 
riiles. It also helps if you use a comany sounding name after your own 
for example: John Doe, The VICONER Co., lU Any St, Ytown, RA 12545. 
Also a good idea )s tn use a pLirchase order number because if some- 
goes wrong its easier to trace things if the order has a number. 

Most of the above companies have catalogs, write for your copy. 



riESCfvlPTIGN 



Many projects in this book employ the user port on th VIC^ Here is 
a breadboard i ng sys tem that 1 s yoLi eKper i ment easily, ne^stly ^nc3 
'S^'-fely with the user port. All the important signals on the part art? 
brought out to a solderless breadboard i ' super str ip') so that you can 
buxld circuits and make connnections using only insulated wire ^ no 
sol der i ng is necessar y - 



THEORY DF OPERATION 



The idea behind the Lt!5er port breadboard is simple, lns.t€?ad of 
having wires flying in all di rec t i ons, how about a neat ar r angemen t 
consisting of & connector to the user port, a 16 conductor -flat cable 
to bring the signals to a convenient location and a solderless br*?ad- 
board to worl on. Solderless breadboards like the "superstrip" 
wort: very wel 1 and are e>:cel I ent -for e>: per i ment i ng but they ar e some- 
what expensive -for permanent circuits. When yt3u hsve a circuit that 
wor ks to your sat i s-f ac 1 1 on you can transfer it to a wi rewr ap i 'Tip 1 em- 
en t cit i on or a PC board, freeing your breadboard f or the ne>! t job . 



CONSTRUCTION HINTS 



The parts of the breadboard go together as shown on the figure. 
Connector P2 has handles rnade out common electronic hardware to 
hel p 1 nserti on. and removal . Al ways- push it in strai ght and remove by 
pulling strai ght out * Do not wiggle it dur i nq r' em oval and do no*, p I ug 
or unplug it whjte power to the VIC is on. Pin 10 of PI carries tlie 
+9V power f ram the user port. You must be careful with that vol t age 
because most of VlC's electronics work on >5V and if you accidentally 
connect 9 VAC to data li nes you may cau^e damage. I nst ead of the 9 VAC 
you may bring out JOY (pin 4 on P2) if you don't need the 9V power. 



PARTS LIST 



1. 12/24 pin, O.lS^i''' spacing PC connector, 

2. 36 i nches of 1 6-conductDr f 1 at cab 1 e (pref errab 1 y mul t i color ! 
with DIP plug attached on one end. 

Z . Two each of the foil owi ng : 1/2-inch st an<l -of f s, 

7/e-inch washers, 1-inch long 4-40 screws, 4-40 riLits. 
4. Cable clamp for 1/4-inch cable 
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COr-JtMETCT I Mt3 V/ I C TO Y C3LJR STEREO 



DESCftlF'TlON 



Yot-i may find that when you tune your TV for best display the sound 
becomes weal: or di 5 tor ted or both. Or you m^y want to put some re^ 1 
power jnto the sound □+ your VIC ( 1 &t ' e 55fly ^something like 20 watts). 
This project tells you how to connect your VTC to any st er eo i or I dulI 
And clear oound. 



THEORY OF OPERATION 



Your VIC generates both an audi o signal and a vj deo 51 gnal aval I — 
able at the DIN Jack At the back labeled, appropriately, AUDID/VIDEO, 
These siqn.als are normally fed into the RF modulator which converts 
them into a Radio Frequency signal similar to that broadcast by a TV 
St at 1 on so that the TV set can r ecei ve them through its antenna t er - 
-T.inals. When the TV set receives this signal it filters it* amplifies 
it and then decades bac^ the original audio and video signals avail- 
able at the back of VIC. In theory, little is lost in this process 
and you get the audio/video signal into the TV set without having to 
modify the set in any way. In practice, many problems can and do crop 
Lip 1 eav i ng yoLi wi shi ng for some form of d i r ec t connect i on . For tun at e- 
1 y thi s IS SI ffipler than it seeffis. You can feed your v i deo and aud i o 
SI gnal s di recti y i nto a vi deo mor>i tor and an aud i o ampl i f i er lyour 
stereo for e>;ample} and thus avoid all problems. But you must be car- 
eful to avoid getting tlOV AC < or worse) into your VIC and to do it 
right <i,e not disturb the connections to the RF modulator) so that 
your VIC can always play through the TV set. In fact, once the sound 
output goes through the stereo » you will be able to tune the TV for 
best picture and you may find that a video monitor is not needed. 

The schemat i c gi vc?s you the connect i ons r equi r ed . To avoi d high 
vol tagee get ting into the vie, we use a tr ansf ormer to i sol ate the 
stereo- CI and C2 are used to reduce RF noise pickup. The trimmer Tl 
is used to adjust audio volume so that the stereo input not 
overload. This is a one time ad just^Tient . Volunrie normally is adjusted 
from the volume control of the stereo. All signals of Audio/Video 
^ac k are transferred cli rec 1 1 y (wi th short wires) to the Aud i o/Vi deo 
extension jack, 50 operation of the RF modulator is not affected. To 
get good performance out of this adaptor, you must be careful with 
physical layout. See construction hints far more details- 



CONSTRUCTION HINTS 



The whole unit should be housed in a small aluminum box, for e):am- 
pie Radio Shack #270-235. If you keep wiring neat and short, a small 
pi asti c ba>; mi ght do as wel 1 . Use a pi ece of flat cabl e to connect PI 
and Jl. J2 must be isolated from the metal case, so use a piece of 
perf board to mount 1 1 on and drill a 1 ar tje (1/2") hole in the case 
to clear the jack . For the con nee 1 1 on to yoLir stereo or vi deo mom tor 
use shielded cable with an RCA plug in each end (a cofnmon ttem avail- 
able at nudlo stores) . 



PARTS LIST 



1 . Two RCA jacks. 

2, J -pin DIN type aud 10 p 1 Lcg 

5. Two 100 pF ceramic disc capacitors. 

6. 10 uF, liiV electrolytic capacitor. 

7 . I nt er iatage t r ansf or mer , 6*j0 to 60C' Ohm. 
8 » Wire, c ase, hardware . 



1= I C;t<CF»RaOF DIC3IT/^l_ LOCK 



DESCRIPTION 



keypsdj and a few resistor 5 
VIC can e^end master safecrackers 
tion, changing the cambination 
changing a BrtSIC line. 



and capacitors interfaced to your 
to the unemployment line. tn addi- 
to thi«i pi cl proof lacl.: 15 as easy as 



THEORY OF OPERATION 



There are three ways to open a combination loci;': 1. Use the key 
combinaticin (obtained by legal or illegal means). 2. Go through all 
combinations one at a time. 3. Inspect the locd to figure out the 
combination. The last two methods are called 'picttinq the loci;' (from 
the use of picks on t'cy locks). Method »3 15 the one used by movie 
safecrackers on bank vaults where equipped with stethoscopes <or more 
recently, unspecified digital giimos) they twirl the dial listening 
for the telltale clicks. 

In our pickproot lock, there are too many combinations tone 
million) so method 112 will not work. In addition. every time a 
wrong combination is entered, the lock will not respond for 30 
seconds (half a million minutes is a long time). Method tt3 is also 
Liseless becaLise the keypad and the lines to the keypad do not contain 
information about the combination, nor can the v> I C be interrogated in 
any way through these lines. 

In operation, the user port data lines scan the keyboard matri>: to 
determine which key (if any) has been pressed. When the correct 
cnmbination is entered, CB2 is Lised to activate a solenoid to unlocV: 
the door. The scanning proceeds as follows: Each of the four least 
significant bits of the user por-t is made a 'O' and then the four 
most significant bits are checked to determine if a 'O' l£ present, 
indicating that a key has been pressed. This information is trans- 
lated into the valu^ of the key pressed using a table <h;TA&LE) . If 
no key is pressed, the scanning continues. 

The resistors in the circuit are there to insure that the inputs 
are zero without signal and the capacitors help filter out noise 
picl;ed up by the lines. 



PROGRftMMlNE MOTES 



The lock program is written in BASIC because execution speed is 
sufficient for real time operation and BASIC is much easier to use. 
To unlock, yoLi enter on the I eypad the combination (variable CJ'EY, 
line 240). Tlie solenoid will be activated for 20 seconds to unlock 
the lock and then released to lock again. The keypad arrangement 
IS as foil owst 

12 3. 
15 6. 
7 B 9 . 
. O . , 

Only 10 keys are used, arranged like the keypad on a pushbutton 
phone. Any other arrangement of Ih keys 15 possible by changing the 
VIABLE. The layout of the KTABLE corresponds to that of the key- 
board. Unused keys are given codes to detect illegal key pushes. 

The key combination in the listing is 'llllll' to facilitate tes- 
ting. Vou need only connect one key to check operation of the lock. 

Line S15 prevents a leypress from registering more than once if a 
key IS held pressed down. To enter the combination, keys must be 
pressed and released 51/ times. 

If you would like to increase the key combination to more digits, 
change line 240 to reflect the new key and also change line 350 to 
accounts for the increased digits. For e;:ample. for an 8 digit key 
change N'" 6 to M B. 



Line 380 determines how long the BDlenoid remains activated. You 
may change the constant (now 400> to suit your application. 
For master Vey operation, change line 240 to read: 
240 CKEV=U1111: MKeY=222222 
and lirif 360 to read: 

360 IF INT (CODE) •: .CKEY AND I NT ( CODE 1 '. MKE Y GOTO 700 
Now CKEY the regular i:ey combination and MKEV is the master. 

The valuec assigned here are shown for easy testing, but keys can be 
any si>: digit number. 



PROGRftM LISTING 



100 r<EM »» PICKPROOF LOCK »» 
105 REM 

110 REM SET UC t;E¥ TABLE 
lis REM 

120 Din (-T (4.4) 

130 KT(0,0>=1:KT(0, l)=2:KT(O,2)=3:KT(0,3)»13 
140 KT(1,0J=4:KT(1, 1)=5:KT(1,2)=6:KT(1,3)=12 
150 KT (2,0)=7:KT (2, 1 ) =3:KT(2,2) ^9:KT (2, 3) =1 1 
160 KT(3,0>=14:KT<3, I>=O:KT<3,2)=14iKT<3,3)=J0 
195 REM 

200 REM SET UP PORTS 
205 REM 

210 PRT=37136:PCR=37148 
220 P0KE371 38, 15 

230 POKEPCR, I (PEEK(PCR)DR192>flND223> 
240 CKEY=1 I 1 1 1 1 
275 REM 

300 REM LOCK OPERATION 
305 REM 

310 CODE=f:i:N=0 
320 GOSUB 500 
330 IF KPRESS >■? GOTO 700 
340 CQDE=CDDE + KPRESS»(10'--N) 
350 N=N+1: IF N';6 BDTD 320 
360 IF INT (CODE) OCKEY GOTO 700 
370 POKE PCR, <PEEK<PCR) )0R32 
380 F0RI=1T0400: A=2'2:NEXTI 
3"?0 GOT a 230 
3*95 REM 

5C>0 REM KEYSCflN SUBROUTINE 

505 REM 

310 SB=1: 1=0 

515 IF (PEEK (PRT) AND240)<>240 GOTO SIS 

520 POKE PRT, 15-SB 

530 D=PEEK(PRT1 ftND 240 

540 IF D f, 240 GOTO 570 

550 SB=SB»2: 1=1+1 

560 IF SB • 16 GOTO 520 

565 G0TD51O 

570 IF 0=224 THEN J=0: GOTO 620 
5B0 IF 0=208 THEN J=l: GOTO 620 
590 IF 0=176 THEN J =2: SOTO 620 
600 IF 0=112 THEN J=3: GOTO 620 
610 GOTO 7O0 
620 KPRESS=KT(I,J) 
650 RETURN 
655 END 
REM 

700 REM ERROR DELAY 

705 PRINT"ERROR" 

710 FDRI = )T0900: A=2'-2:NEXTr 

720 GOTO 300 
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CONSTRUCTION HINTS 



Use a flat cable to connect the user port and the keypad. lUe shor- 
ter cabLe the better. You may experience noise problems with cables 
longer than 40 or 50 feet. if the keypad is installed outdoors 
either weatherproof it or shield it from the weather. Install the 
resistors and capacitors close to the UIC. You shoLil d be <ible to 
mount them right on the user port connector. 



ADDED FEATURES 



The program presented here performs only the basic lock function. 
It IS easy to add variOk.ts nice features to the basic loci;, for eKam- 
p 1 e you can add a master key as des^cr i bed above. Another f eature 
will be t i me-cantral I ed access. Using the T I var 1 able you can make 
the lock respond to certain keys only certain times of the day. For 
e>:ample if the loci; controls the power to a TV set, you could use it 
to determine when and for how ong your children can watch TV. Still 
another use is logging of usage of 1 ock . If every emp I oyee has his 
□Mn code to enter and e>: i t the premi see you Mi 1 1 knoM when he i s 
there and when he is not. Finally , if you would Ike to get really 
advanced you can write the lock program in machine language and have 
a real time interrupt which will check the keypad every lets say 100 
fns while the VIC is used in its normal mode. 



GETTlNa SOPHISTICATED 



The digital lock could still be picked if one could access radio 
emmissions from the VIC and decode its operation. A remote chance of 
course but paranoia is a necessary ingredient of a high security op- 
ration. In this case good shielding of the VIC is the recommended 
pr ecaut ion. Place the VIC in a c age miade of fine mesh me t a I sc r een , 
soldered at the seams- The case of the VIC should b(? at ieast S' * 
from the wire c^ige for effective shielding. Also wires going to the 
1 ock shoul d be parses through ferrite beads just ot si de the case. 

Continuous operation is requirement for a lock, so provisions must 
for acc i dental power downs . An uni n t errup t i b 1 e power suppl y based on 
batteries will maintain operati on dur j ng power down. The loci; is 
designed tn remain locked m a power failure. 

Finally, provisions should be tnsde to break into the guarded area 
when tho luck fails (for e>:ample the VlC malfunctions) with minimum 
damage and cost, while unauthorized forced entry is very difficult. 

And always keep in mind that iQC^^s are almost as old as civili- 
zation and lockpicliers and safecrackers^ have been successfully prac- 
ticing throughout h i story and they may prof i tab 1 y di sagree with you 
on what is pic k proof and what i t sn' t - 



DESCRIPTION 



4 



Thi 5 meter wi 1 i allow you to measure capacitances between lOOpF 
and 50pF, yet 15 only uses o camponents (and your VIC which dac>s most 
af the worM . You Mill be surprised at the accuracy and stability of 
this little circuit, which can* in most cases, replace a standalone 
instrtiment costing as much the ViC^ 



THEORY OF OPERATION 



The capacitance meter operates by measuring haw long it takes to 
charge a capacitor to a predetermined voltage, Hhile a tinOMn current 
IS applied. A 555 timer IC in the monostable mode is used to perform 
the ■functllon of applying the current and determining if the thresh- 
hold has been reached » The VIC is used to initiate a measurement and 
count time. The accuracy of the meter depends on the 555 which was 
chosen for its e;:ceptlonal stabl 1 ty characteristics. The VIC 
initiates a measurement cycle by bringing low then high the least 
significant bit of the user port (PBO) . This triggers the 5S5 and its 
output goes high for s long as it takes to charge the unl:nown capaci- 
tor to 2/3 the supply voltage. The VIC measures the duration of this 
output pulse using a machine language program to obtain high resolu- 
tion <25u5 per count). Here is a timing diagram of the processi 

TRIGGERS U 

, , T-~ C 

OUTPUT -»l ■ T- — 



The amount ctirrent flowing m the unknown capacitor ic deter- 

mined by R. 470K wi 1 I give good results -for unknown capacitors from 
lOOpF to l^iF. For val ues over IpF and electrolytics (that have hi gh 
leakage currents) R should be changed to 2.2K 



PFtDGRflhMING NOTES 



The program listed will drive the capacitance meter and print out 
on the screen the value of C>: , the unknown capacitance. The printout 
stops when C>: is disconnected and resumes when a C>; of lOOpF or more 
1 5 connec ted * 

The program is all in BASIC farm to help entering and running. 
The DATA st at emen t s cont a in the machine language dr i ver ( see ne>: t 
project for a 1 i sti ng o+ the mac hi ne 1 anguage program) , 

St at emen t s 1 00 to 1 set up the machine 1 anguage program at a 

reserved I ocat i on at the top of memory statement^ 200-240 measur e 
and pr 1 nt out the capaci tance. 



CALIBRATION 



The program as given will print out capacitance in nF (1 nF = 
1000 pF = 0.001 pF) for R - You should calibrate your cir- 

c LI X t aft er building it. Calibrati on i 5 based nn a known capac i tor 
with a val ue over 5 nF* Lets say you have an 10 nF 10.01 uF) capa- 
c 1 1 or wi th 77. tol er^ince. Connect it to the meter and ad jur^t the can- 
st ant in 1 I ne 230 of the BASIC program (in the listing It has the 
val Lie of 236^ > Lint 1 1 the pr i nt out is as c 1 ose to 1 CtuF as possi b 1 e . 
Your capac 1 tance meter will now be call bra ted with an acrcur acy eqLtd L 
to that of your calibrating capacitor (2X in this case). To calibrate 
for another range (R = 2»2K) adjust the constant likewise against a 
t nown capacitor, Recal 1 br at i on is required only infrequently, ap- 
pro--; iitiately once ever y si >; months . 



PROQRAM LISTINB 



100 REM COPfiCITANCE METER 
104 REM 

101 POKE 3713B, 1 

110 Q1=PEEK 155) +256*PEEK (56) 
120 e2=Ql-40 

130 Q3=INT (02/256) : D4=Q2-Q3*256 
140 POKE 55,04: POKE 56,03 
150 F0RS=1TD35 

160 READ A: POKE 02*1,^: NEXT 1 

170 Di>=02*lr 03=INT (06/256) 

IBO 04=06-03*256 

190 POKE 1,04: POKE 2,Q3 

200 A=USR(0) 

210 COUNT =peEK < 1 36) +256»PEEK 4137) 
220 IF COUNT < 2 GOTO 200 
230 PRINT (COUNT/2364) *100; "NF" 
240 6aTa200 

250 DATA 120,169,0,141,16.145,133 
260 DATA 139,133,140,169,1,141,16 
270 DATA 145,165,139,24,105,1,133 
280 DATA 139,165,140,105,0,133,140 
290 DATA 173,16,145,43,238,88,96 
300 END 



SCHEMATIC DIAGRAM 




SIMF>LE TMERMOME-TEFt 



-A- 



DESCRIPTION: 



With a little 1 mag: nat 1 on , the uses of a thermometer for your VIC 
are Linlimited. Energy control of your home, Mal:ing the perfect yo- 
gurt, fjre detector. A plot of your body temperature during 5leep. 
All It tal;e5 to add temperature sensing to your VIC is four compo- 
nents. 



THEORY OF OPERATION 



A 555 timer is used as e 5td\ble and inexpensive A/D converter to 
read out the value of a thermistor. The circuit is essentially the 
same as the one used in the capacitance meter. Instead of Cx a 2 uF 
capacitor is used and R is replaced by a thermistor. The output pulse 
width of the timer varies with the temperature, and is meaturscl by 
a machine language program in the VIC. 

Unfortunately, the output width is not linearly related to temper- 
ature. Thus some means of linearization must be employed. The 
simplest way, achieves both calibration and linearization in one 
step, A table (array T) is set up so that for each count there Is a 
corresponding temperature. The correspondence IS found by immersing 
both the thermistor and a thermometer in a pot full of water whose 
temperature is varied by heating it or cooling it (using icel. Other 
linearization techniques include piecewise linear appro>: i mat i on and 
polynomial curve fitting. 

To get the pulse length EcouLntS for each temperature required to 
build the table use the program for the capacitance meter and change 
line 330 to read: 230 PRINT COUNT, 



CONSTRUCTION NOTES 



Use a flat cable pair of fle>:ible wire no longer than It' feet to 
connect the thermistor to the circuit. Ma^;e a probe for the thermis- 
tor out of the housing of a ball point pen as shown. Apply ' 3n super 
strength household cement' or equivalent, around the thermistor to 
seal it to the body of the pen. Use the plug that capped the bad-, of 
the pen to jam the cable and l;eep it from moving. 





UPTO 10 FeET 



CAse or 6(c 



MACHINE LANGUAGE PRDQRAI1 LISTING 



paRT=37136 



7B 




SEI 




A900 


TRIGG 


LDA 


♦to 


SDlOf 1 




STA 


PORT 


aSBB 




STA 


CTR 


B58C 




STA 


CTR+1 


fi901 




LDA 


#1 


BDlOS'l 




STA 


PORT 


ftSBB 


COUNT 


LDA 


CTR 


IB 




CLC 




4,901 




ADC 




B5BB 




STA 


CTR 


ftSSC 




LDA 


CTR+1 


6900 




ADC 


#0 


Q5BC 




STA 


CTR-i-1 


AD 1 09 1 


CHECK 


LDA 


PORT 


"•OEE 




BMI 


COUNT 


58 




CLI 




60 




RTS 





PROGRAMMING NOTES 



The first thing the timing subroutine does is to disable inter 
rupts. Unless this is done, the count will be erratic. Locations 13*? 
and 140 are used to store the count. Maximum count is 65536. 



i_ 1 C3I-I r seiMSOR 
) 

DESCRIPl IQN 



If your VIC can't tell d-ay from nig^^t, don't be alarmed. It haG no 
eyes but its birth defect can be corrected rather ea&iy, Thi^ project 
tells you how to connect a photocell to your VIC so that it can sense 
light. 



THEORY OF OPERATION 



The resistance of a photo conductor like CdS (Cadmium Sulfide^ 
changes with incident light. Photocells are packaged pieces ot photo- 
conductor material with leads attached. A typical photocell woLild 
have a resistance of 500 liloOhms in the dark and less than a thou- 
^and Ohii^s under sunlight. 

By Lising a 555 timer circuit and by replacing the timing resistor 
with a photocell, we can convert variations of light to variations of 
pulse width which the VIC can measure. The circuit is essentially 
that of the previous project with the thermistor replaced by a CdS 
photocel 1 , 

The variation of the resistance of the photocell is not a linear 
"funtion o* incident light. It is possible of course to correct this 
using the VIC and to calibrate the system against a l-nown light 
source. In addition, using a thermometer circuit, the ambient temper- 
ature can be measured and used to correct the readings (the resistan- 
ce of the photocell also varies with temperature*. Thus it is possi- 
ble to build a very accurate light meter using simple circuits and 
the VIC. 



PROSRAMMINB 



The program is essentially that used in the capacitance meter and 
the thermometer. The count obtained by calling the machine 1 angLiage 
program can be directly printed on screen or used for fLtrther cal- 
culations. Since most artificial light sources are modulated b/ 
feCiHz , you may need tc average 5 to 10 measurements to get a steady 
read i ng . 



APPLICATIONS 

Thare can be many innovative applications for the light ^en-iing 
systsni. Here are a few mundane ones: 

1. Turn on outside lights when darkness falls. 

2. Detect interruptions of light beams. Using a photocell illuminated 
by a light source placed some distance from it you can detect people 
entering or leaving an area for example. Or a model railroad ap- 
proaching a crossing. Dr an opaque liqt.iid rising in a tank. 

3. hale a light seeking robot. Place the photocell on the shaft of a 
motor controlled by the VIC, Write a program so that motor turns 
until ma>:imum light falls on phatocel 1 . MoLint the head of a plastic 
doll on the shaft for an impressive effect of face looking into light 
source (a flashlight) and following it, 

4. Use It to point solar collectors to the sun. A lens can be Lised to 
collect light from one direction so that the photocell becomes more 
directive. An old camera can provide both the lens and the lightproof 
enclosure- Mount the photocell so that its photoconductor is exactly 
on the f 1 1 iT. plane behind tho len^. 
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5. Measure the light dcsage o-f your plants, Measure intensity every 
lets s^^y 5 minutes and accumul ate it. The total for each 24 hour 
pf?r 1 od IS the daily light dosaqe . Keep i n mi nd t hat you must 1 l near - 
tre the readings before adding them up - otherwise result will be 
mean i ngl ess. 

6. Make a darkroom exposure meter that computes correct exposure tim» 
and times the exposure. If you bring the VIC in the darkroom^ cover 
bring the VIC in the darkroom, cover the screen of your monitor with 
the screen of your monitor with a piece of rubilith task a pnnt&r 
for one) to render its liqht safe. 




I_ I QLJ I D 



DESCRIPTION 



It's a rainv night and you are 
flooded'' The liquid level sensor 
able to call it on the phone to 
cellar. Impressive but only one of 
quid level sensor- 



away from home, yoLtr basement 

will tell your VIC and you will be 
report to yOLi the status of yOLir 
the possible applications of a 1 i >- 



THEORY OF OPERATION 



CLirrent can flow through water (but perfectly pure water is 
insulator). By placing two electrodes in a container you can tell if 
It contains a water ba^ed -solution or not based on whether current 
flOMS. If the applied voltage is DC, electrolysis will take place 
wh;ch will soon corrode the electrodes. AC will have no ill effects 
becau&e the products of the electrolysis will be opposite in consecu- 
tive cycles and will recortibine. 

The circuit shown here uses a CtlQS NOR gate to act as an oscilla- 
tor to generate an AC voltage. If the probe is not immersed in liquid 
this voltage is converted to DC by diodes (configured as a voltage 
doublerl, amplified and used to present a logical "1'* to the user 
port. If liquid touches the probe, current flows through the probe 
and the liquid to the ground and the voltage at point A drops so thst 
tne output IS now a ''0*', 

If the container is metal lie, it should be connected to the ground. 
If it IS non-metallic, a second electrode should be placed ne>:t to 
the probe (but not touching) and connected to ground. The length of 
the other electrode and its closeness to the probe will determine the 
sensi ti ti VI ty of the sensor. E>;periment with various probe lengths 
And plarefnent^ until yoLi get satisfactory operation. 



PROGRAMMING 



Connect the output of the sensor circuit to any bit of the user 
port. Make this bit an input by placing a at the corresponding bit 
of the data direction register. 

To checl' the output of the sensor, assuming you have connected 
the sensor to PB2 use the following: 

90 POKE 3713B.0 

100 T = PEEK, (371 :J9> AND 1 

no IF T = 1 1HEN PRINT "HIGH" 

120 IF T = THEN PRINT "LUW" 

130 GO TO 100. 



The 'fl' in statement 100, is a mask to isolate the tnird bit of 
tne Liser port. 



F»wr-1 r-IDTOFS COMTFtOLLER 

DESCRJPT ION 
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operating a niatar under program control i ^, not anly fun but has 
fuany app 1 1 cet i one. From automat i ng a model r 1 road to open i ng and 
closing the curtains o+ your house to increase energy savingsn motor 
control enables your VIC to actusily do ?;omething. In this project. 
« PUH^ t erhni qup is Li^^ed to give? pr ec i se control even on toy motor s , 



THEORV OF OPERATION 



The small shunt DC motor is the most widely used type of electri- 
cal motor. It will run on both DC and AC and it is used m toys, ca- 
ssette recorders, di sc dr i ves » dr i 1 1 s, hair dr i ers. mi xer s and so on , 
Its speed can be controlled by adjusting the voltage ivpplied to 
it. Unfortunately, torgue depends on curren* and current decreases 
with decreasing appli ed vol tage, so a point is reached when the 
torque due to the app I i ed voltage is less than the fricti on of the 
bearings and the motor stops. For small toy motors this happens at 
around 500 RPN. 

A solution to this problem is to use Pulse Width Modulation (PWM> , 
Full voltage is app 1 i ed for some amount of t i me and then power i s 
turned of f * By adjust i ng the rat i o of power ON to power OFF the to*^ 
t a 1 energy going into the mot or ( and its speed ) i s control 1 ed . And by 
m^l: 1 ng the ON-DFF switching fast enough , the inertia of the motor 
smooths out the pulses and we see a continuous motion. Osang PWM, a 
toy motor can be controlled down to 1 RPM or less without stalling. 
Torque remains costant regardless of speed because when ON the motor 
operates at fLiJl vol t age I and current ) . An add i 1 1 onal signi ficant 
benefit is that the power transistor that drives the motor is either 
CIN or OFF, thus dissipating only a few percent of the power it 
c on t rol s. 

The PWM circuit con si st s of an osc ill at or that dr i ves a counter , a 
comparator and a control input (the VIC user port). As long as the 
count is below the control input, the output of the comparator i s ah 
'1'. When it is more than the control input, it is '0. The comparator 
nu t put changes states once f or every full cycling of the counter , 
thus tY\e period of the o<.i t put wave i s const ant ( T ) . When it changes 
depends on the control input* thLis the width W vari with the con- 
trol input, giving us a PWM signal. 




1-^ — — -r m-l 

This 15 connected to a transistor driver that in turn controls the 
motor. The diode at the collector of the transistor is for protec^ 
1 1 on dun ng the ti mes the transi stor is o-f -f - 

PROGRAMMINB 



To control motor speed , set the user port to output (PDKE3713B » 1 > and 
output a control parameter, from O to 255. Assuming you would like 
to operate at half speed, PDKE37 136, 12B wi 1 i do it. To stop the motor 
PaKE37136,0. To go full speed, PQKE37136, 255. 

^i□TE5 



Try van ous val ues o-f R(\, Rlf and C in the 555 unt i 1 operat l on \ s 
ac hie ved at de^iired speeds . Yoli will find that not all motor s oper at e 
smoothly at all speeds. The better the ffiotor quality the wider the 
range. Good quality miniature DC motors can be obtained from old cas- 
sette recorders. Turntable motors are usually AC only and will not 
operate on DC. A source of i ne>:pensi ve medi um power DC motors are 
motors used to power electric windows and seats in old lu>:ury cars. 
Also check with your local electronic surplus stores. 
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DtSCRlPT ION 



Did the telephone ring when you were awsyT' VJhen? How about keeping 
a 1 og Qi Lei ephane rings with yaur VIC A ring det ec t or c^n aI^q be 
the basis for a tel&phone ansrttrinq rtiachine. ThxG project shows how 
build a reliable optically isolated ring detector and how to mte- 
qrate it inta a computer i z ed t el ephone answer i ng mac hi ne . 



THEORY OF OPERATION 



The t e 1 cphone ringing vol t age is a 20 Hz , 1 J vol t AC si gnal , 
superimposed with a 400Hz signal. The 20Hz signal activates the bell 
1 n your tel ephone &et whi 1 e the 400Hr signal is heard by the calling 
party to indicate that the phone rings. 

In building anything that connects to the phone lines it ic impor- 
tant to tal:B e>: t r aord i nar y safety pr ec aut i ons . Wh lie you may do any- 
t hi ng yOLi wi sh At your home, you have no right to damage or make Lin - 
sa+e <by sendi nq high vol tages) the tel ephone network whi ch is used 
by all. 

Tel ephone company regul at i ons are very strict in thia matter. The 
device you connect to the phone lines must be either FCC approved or 
you must rent a coupler from the phone company- The coupler makes 
sure that nothing damaging gets to the phone line. 

Although reguired by lew to make arrsngments for you ifor a fee) 
t □ connect anything r easonab le to their lines, your 1 oc al tel ephone 
company may not like the i dea and tr y to ref use hel pi ng you . 

In case you want to e>:ercise your alternate option, the ring de- 
tector 15 desi gned to be undetectable by electrical i nspec 1 1 ons of 
the line by the phone company. 

Thi s IS ach 1 eved by present i ng a very high i mpedance, more than 
1001- to the telephone line. A small neon lamp is used to convert the 
ringing voltage to light which is picked up by a Darlington photo- 
transi stor . The resul ting signal is ampl if led by an op~amp and pre 
sented to the user port as a logical '0' or '1', The use of the neon 
lamp gives e>:tellent not se immunity because the lamp does not fire at 
voltages less than 70 volts. Thus line noises, clicks, etc- do not 
give false readings. In add itton, it offers perf ect i sol at i on of the 
phone line since no electrical connect i on is made between your c i r - 
cult and the line. 

Programming is identical to that of the liquid level sensor, since 
both devi ces have an 1-bi t output , Use the Tl var i ab 1 e to create a 
clock to log the time of telephone ringings. You could also keep a 
count of how many t i me the phone rang each 1 1 me. 



AN ANSWERING MACHINE 



To answer the tel ephone when you detect a rang* yoLi only need con— 
nect a 680 resi stor across the 1 ines. This can be done using a Bmal 1 
relay^ driven by one of the bits of the user port. 

The connect i ons for a complete answer i nq machi ne are shown in the 
schema 1 1 c . The cassset ie pi ayer shnu 1 d use end J ess I oop t ^*pe to 
del I ver the message. It is turned on after the desi red number of 
r 1 ngs is detect ed , and the answer relay is acta vated , A+ 1 er a del ay 
equivalent to the length of the message (usually 20 seconds) the cas- 
sette recorder i s turned on f or a spec i f i ed durat i on < lets say a 
minute, program that does this can be very simply written in BASIC. 
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SftMPL£ VALUED 
R. A = 10 t 

f-e. - IK 

C = 0.1 j,F 



1+ yoLi ^»re using the high power circuit, build it sol idly and pro- 
vide somo heat sini-ing for the 2K3Ci55* Make a single ground connec- 
tion from the digital circuit ground to the power circuit ground to 
avoid loops. 

HIGH POIUEP- MOTOR, PI^WER. 

INH002. 
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-WW— 



+5V 
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PHOTO TPAUsrSr^fc To iAMP 
PHoro TEA *J 5 i5ro< 

TO SfiAL £J07- CIO HI. 
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DESiCftlFTION 



This project gives your VIC the capability to dial a telephone, 
f^ulse dialling is accepted by all exchanges in the USA (as opposed to 
tone dialing> sQ this system has universal appeal. 



THEORY OF OPERATION 



Pulse dialing operates by interrupting the current ^Jow in the 
telephone line. To send a digit, lets say "S', the line is interrupt- 
ed five times. The interruptions last 40 ms with a pause of 60 jus 
between interruptions. There is a minimum of 600 ms pause between 
digits. Pulsing with these specifications is called lOpps ipulse per 
second) dialing. Some telephone exchanges may require 20pps dialing 
where all timing values are half of these given above. 

The circuit consists of a transistor driving a reeeJ relay that in- 
terrupts the line. A BA51C program drives the relay throwigh the user 
port, creating the required pulses, 

A reed relay is specified because it is fast. It has the dis- 
advantage that reed relays when not activated are usv-ially in the open 
state. Here switch SI is used to manually restore continuity of the 
line when the VIC is not operating. 

NOTE: The telephone headset must bs picked uf> to establish connec- 
tion before dialing can proceed. 



PROGRAMMING NOTES 



Lines 120 to 150 input the string of digits to be dialed. There 
IS no limit to the length of this string. Lines 160 to 210 extract 
the digits from the string one at a time and convert the ASCII codes 
to the actual numbers (O is replaced by 10 because lO pulses repre- 
sent a zero). Lines 300 to 410 form the subroutine that does the ac- 
tual pulsing. Lines 270 to 290 add a redial feature where the same 
number is dialed again if, for example, the line is busy. 

The program can be modified so that it dials a group of numbers se- 
quentially (perhaps to deliver an advertising message) or dials num- 
bers derived from a mailing list database (to play a recorded an- 
nouncement to friends or customers for c>:ample>. 




MODUUAE. 
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PARTS LIST 



1. Modular telephone jaci; 

2. Modular telephone plug with cord attached 

3. Single pole single throw minieiturc toggle switch 
5V reed relay 

5. lN414a or equivalent diode 

6- 2N2222 or equivalent transistor 

7. 3,3K, 0.25w, Sy. resistor 

8, Ca&e and hardware as needed. 

PROGRAM LISTING 



too REM PULSE TELEPHONE DIALER 
105 REM 

no POKE 37138,255: P=37136 
US POKE P,2SS 

120 PR I NT "ENTER TELEPHONE NUMBER." 

130 PR I NT "DO NOT LEAVE SPACES BETWEEN DIGITS. 

140 PRINT"" 

150 INPUTN* 

Vba L=LEN(N») 

170 FOR M=l TO L 

IBO D»=MID«(N»,M, 1) 

190 IF D«="0" GOTO 230 

20O D=ASCtD*)-tB 

210 GOSUB 300 

220 (3OT02S0 

230 D=10: BOSUB 30O 

250 NEXT M 

260 PRINT"" 

270 PRINT"TO REDIAL PRESS *Y' ELSE 'N'-jK* 

280 BET A»: 1FA«=""B0T0280 

285 IF fl»="Y" GOTO 170 

290 GOTO 120 

300 P0KEP,25S 

310 FOR 1=1 TO D 

320 FORK=1T021 

330 NEXTK 

340 POKEP.O 

330 F0«K=1TD34 

3iO NEXTK 

370 POKEP,255 

3B0 NEXT I 

390 FDRK-1TD450 

400 NEXTK 

410 RETURN 



'TO VIC 
' UiflS FPET 
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If y I C COL* Id talk what waul d it say? Find out by yiving your c: om- 

puter the gift of speech. This project lets yOLi digitize and play 

bacVt speech with 1 ow data rate by tak i ng advantage d+ an unusual pro- 
perty of the speech signsl . 



THEORY OF OPERATION 



Human speech is a very unusual si Qna 1 i n mciny ways. One of its 
startling properties is the fact that the zero crossings of the spe- 
ech w^ve con tain just about all the inteiligibiltty of the pnginal. 
I n other words , i f we t ak e the speech si gnal comi ng otit of ami Cro- 
phone evnd t hrow away all i n^ or mat i on e>;c ep t the 1 1 the ti goal cro- 

sses zero, whatever remai ns is easily understood (but it sounds badl y 
d 1 st or t ed ) » We c an get the zero crossi ng signal by hard clipping the 
original as foil ows : 




The zero crossing signal is either high or law ( actual 1 y the term 
'zero crossing' is a sonorous misnomer. ft more accurate term is the 
sign of the signal). Thi s is a signal easily accomodat ed by the VIC. 
The schemat i c shows a circuit that tal^es the speech si gnal and gene^ 
rates the 2ero cr dssi ngs by artnpl i f y i ng and clipping it. The pr ogr am 
inputs these zero crossings m the memory of the VIC as follows: 

The zero crossing signal is samples every 170 us , The information 
(either a 'O' or a * 1 ) is shifted into a temporary location. After 
8 shifts, a byte is formed and stored. This goes on until the alloca- 
memor y is fill ed , signifying the end of the input process. To play 
back speech the process i s rever sedand the r esu 1 1 1 ng wave is f i 1 1 ered 
and fed to an external amplifier for playback. 



PROGRAMMING NOTES 



The pr ogr ams Lise f or t empor ar y stor age the r andom number seed ares 
so it IS advisable not to use the RND function, in BASIC if your pro- 
gr am has voice output . 

Every path throught the program must have the same execution time 
equal to the samp 1 i ng per i od* To equal izc paths a program segment 
labeled DUMMY is included. 

To alter the sampling freguency, change the constant in the line 
labeled 'DELAY'. In the listing the constant has the value 240 ( FO ) 
mating the sampling period 170 us. Smaller constahts will give lower 
data rates and reduced quality of output. You may try different val- 
ues to find the I owest sett i ng that sounds adequate to yoti. 

The constant in the routine EMDCK is the high order byte of the 
address of the last memory location where voice data is stored. The 
low order byte is always O. Thus the end of speech data is allocated 
1 n 256 byte i ncremen t s. The val ue of 4>0 i 3C > shown in the listings 
indicates an end of data address of 156 16 ( 3CC'0 > , It was chosen some- 
what arbitrarily and you may wi sh to chia nge it if your VIC has more 
3^ of addi 1 1 onal RAM or i f you woul d 1 i ke to edi t a sound. 



Program to digitize voice. 



ProQr Aw ta oLitpLit voice. 



PTRL-139 

PTRH=140 

CTR=141 

TEHP-142 

DEL=143 

PRT=T.7136 

DDR=37138 



PTRL=137 

PTRH=140 

CTR«1 41 

TEMP=142 

DEL- 143 

PRT=37136 

DDR=3713B 





I N r TL 




♦t L 


A901 


1 N J T L 


LDA 


H 1 


SD 1 'Z'-t 1 




era 




0D 1 291 




STA 


DDR 


A90' • 








A9<'.lij 




LDA 


ttD 


B53B 




ST A 


ptrl 


BSBB 




STA 


PTRL 


A9 IE 




LDA 


4130 


A91E 




LDA 


#30 


858C 




ST A 




858C 




STA 


PTRH 


A9FB 




LDA 




A9F8 




LDA 


#248 


S58D 




ST A 


CTR 


sseD 




STA 


CTR 


AOOO 




t_DY 




AOOO 




LDY 


HO 


A9Fi^i 


DELAY 


LDA 


M2fl0 


A9F0 


DELAY 


LDA 


#240 


858F 




ST A 


DEL 


SS8F 




STA 


DEL 


E6SF 


DELDP 


1 NC 


DEL 


E6aF 


DELDP 


INC 


DEL 


DOFC 




BNE 


DELOP 


DOFC 




BNE 


DELDP 


AD 1 09 1 


□Df^TA 


LDA 


PRT 


268E 


GDAT A 


ROL 


TEMP 


2A 




ROL 


A 


2A 




ROL 




24jaE 




ROL 


TEnP 


801091 




STA 


PRT 


E6SD 




I 


CTR 


E6SD 




I NC 


CTR 


F009 




BEO 


INCRIi 


FOO"? 




BEO 


INCRM 


E6BF 


DUMMY 


I NIC 


DEL 


E6SF 


DUMMY 


I NC 


DEL 


E68F 




I NC 


DEL 


E6BF 




1 NC 


DEL 


E6SF 




I NC 


DEL 


E&BF 




I NC 


DEL 


3S 




SEC 




38 




SEC 




B0E5 




BCS 


DELAY 


B0E5 




BCS 


DELAY 


A58E 


INCRM 


LDA 


TEMP 


BISB 


INCRM 


LDA 


(PTRLI 


91 SB 




STA 


(PTRL) , Y 


85BE 




STA 


TEMP 


A9FS 




LDA 


«248 


fl9F8 




LDA 


It24a 






STA 


CTR 


85BD 




STA 


CTR 






INC 


PTRL 


E6BB 




INC 


PTRL 


D0D9 




BNE 


DELAY 


D0D9 




BNE 


DELAY 


E6BC 


ENDCk 


INC 


PTRH 


E6BC 


ENDCK 


INC 


PTRH 


A93C 




LDA 


i>(yO 


A93C 




LDA 


tthO 


C5BC 




CMP 


PTRH 


C58C 




CMP 


PTRH 


DODl 




BNE 


DELAY 


DODl 




BNE 


DELAY 


60 




RTS 




60 




RTS 






ALL RESISTORS 0.25 W, 5"/.. H: DYNAMIC MICROPHONE, 200-600 OHM IMPED. 
Jl: RCA JfiCK:. CONNECTS TO STEREO AUX INPUT. Tl: 600 OHM TO 600 OHM. 
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DESCRIPTION 



The exp^insion port is the large connector in the back o* the VIC, 
allowing addition of RftM or ROM memory and 1/0 ports. Apparently in 
an effort to reduce costs. Commodore did not bu+fer the line coming 
to this port. To compound the problem, the bact^planefe for the VIC 
currently marketed ignore the issue of buffering. No buffering can 
mean erratic operation and lost data. Here is how to do it right, i+ 
you p 1 an to use the e>; pansi on por t . 



THEORY QF OPERATION 



The data and address lines coming to the expansion port on the VIC 
are directly driven by the 6502 T1PU, The drive capability of the ^>502 
IS limited (one TTL 1 oad ) , and internal circuiits al ready usi? some of 
this capacity. Thus unless buffering is used, the danger B>:i5ts that 
oper a t i on of the system will be mar gj nal, giving ri se to soft (noise 
gener a ted and not r epea t ab 1 e ) er r r or s . Of course wi th heavy 1 oad i ng 
the system will stop. 

An address and data buffer can be made with only IC's and it 

wi 1 1 guarantee correct operation tup to 20 TTL loads or 200 LBTLL 
1 Dads ) with the added benef it it will provide a physical bar r i er to 
e> ternal vol t ages in case of i mp roper connect i ons (If someth i ng goes 
wrong, chances are the buffer IC's will be destroyed leaving the ViC 
intact). Looking at the schematic, the LS244 octal buffers are used 
to buffer the address lines aad the.R/W signal. The data bus buffer 

bidirectional, and its direction is switched by the R/W signal. It 
15 enabled only when external access is requested (using the BLK and 
1 .'G select signals) so that there are no conflicts during accessing 
of I oc at 1 ons i nt tr nal to the VIC. 

The RAM si gnal s are not used to gener a 1 the buf f er enab 1 e si gnal 

the buffer cannot be used in connection with a 3K RAM e>tpansion. 
This shoLild not be a problem because VIC ignores the 3K space if 
there is any other expansion RAn. Should you find a use for the ZV. 
RAM space* you must modify the enable generator (74L511) to accomo- 
date the RAM Signals, by ad ding another 74LS1 1 . The *-5v suppl y f rom 
the VIC IS fused, as a pr ecau 1 1 on * Be careful not to dr ^iw too much 
power f r om this line* Commodore does not spec i f y cur r ent loading here 
but one to two amps shoi.il d be the 1 i mi t . If your system requi res more 
power , use an e>: ternal power supp I y . 

All signals on the ejipansion port that are not buffered should be 
brought out f or use dur i ng e>:pansi on . Thi s is not shown in the 
schemat j c to a vol d cl utter . 



CONSTRUCT ION NOTES: 



The best way to implement the buffer is by using a P.C. board. The 
P . C . board shoul d also have positions for e): pan si on boards, 4 or 5 
should be sufficif?nt. 

Another approach is to use a small P.C. for the buffer and a 40 pin 
flat cable, (up to 36"* long) with connectors in both ends, going into 
an expansion bow that contains backplane and power supply. 

The ne>;t best method to P.C* is wirewrap, which is totally ade-- 
quate. Use sockets with short, two-leve) pins. 



PARTS LIST 



Two 74SL244N Octal Puffers 
DP 83048 a-bit Transceiver 
74LSli triple 3-irput AND gate 
lOuF.' ISV electrolytic capaci tor 
0. luF ceramic disc capacitor 

2 A f use ^ P.C, board or per f board , sockets^ connector . 
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VIC IS endowed with only 3596 bytes of user RAM at bjrth. It 
daeBn't take long to realise how nice is to have more memory. This 
project will tske you up to ' 1950D bytes free' eci&ily, thanks to the 
latent IC marvels, the 2KXB static RAMs. What's more you can mi>; RAM 
and RDM on the same board wi thCLit any changes. 



THEORY OF DPERATSON 



The RAM mf?moriB'i ICs in your VIC are IKX^l static RAMS meaning they 
contain 1024 locations each storing 4 bits. This type of memory was 
the industry standard static RAM when the VIC was designed, but a 
year later the industry standard js the 2K);8 RAM IC, so we will use 
it in this project. 

Static memory chips are very easy to use (the opposite is true of 
dynamic RAMS). What you need to do is provide addresses, data (in 
and out), a chip select signal and a read/write signal. 

These signals are all available at the expansion port of your VIC 
so interfacing becomes a matter of connecting all the like IC pins 
together with a little decoding thrown in to point to the chip to be 

read or written at any given time- 

The VIC provi des what is known as bloci decoding signals, BLKl, 

BLK2, BLK3, an d BL K5. Each signal corresponds to BK of memory. For 
example, when BLKl is active Clow}, the memory block, in locations 
S2000 to *400Ci can be read or written. The exact location in the 
bloct: is pointed to by the information on the address bus ( CAO-CAIO) 
Data IS transported to and from the memory on the data bus (C[)<;i-CDS ) . 

The read write signal (CR/W) orders a read (from memory) when it is 
high and a write when it is low. 

Since the memory chips contain 2K bytes each, 4 chips are needed 
for BK of RAM, and it becomes necessary to use a decoder to select 
one of these chips. 

An 1/4 (read: one out of "four) decoder is an IC that costs as much 
as an I /B decoder. So we'll use an 1/B decoder and go for liK. If 
you'd rather stay with BK, no problem, just don't wire the sockets 
for the extra 4 RAM ICs. 

Looking at the schematic, the decoder is IC9 (74LSI3B). It uses 
CAll and CA12 to de cide which one of four RAMS to select. It also 
uses one of the BLK signals to seilect the upper or lower RAM bank. 
ICl IE used to buffer the R/W signal and to generate the enable for 
the decoder (the decoder becomes active only when one of the E-tLk.s 
selected by the jumper block is low*. Here are two examples of con- 
necting the Jumper block: 



TO t 5FFF 




tr- f RDM 

t20OO- 3FrF 
PLUS 
8t FROM 
$ AOOO- &fTF 




The BANK jLimper to be used with bank switching, 
IS always connected to ground. 



In normal Lise 1 1 



LIMITATIONS 



This memory design does not offer any buffering of the address or 
data buses and as such only one board can be reliably used with 
the VIC, plugged into the expansion port. In addition, power is 
derived from the VIC power supply so if 1 6K is implemented, it should 
be done using CMOS RAMS (6116) instead of NMDS 12016) to avoid a 
large power drain. 

If yoLi need more RAM. it is recommended tliat you build first the 
expansion port buffer and then connect the RAM boards to it. 





USING R0M5 



Ydli c^in replace any RAM chjp with s n\b EPROM without any circuit 
Lhsnges. However, BASIC will not recognlie EFROMS and all RAM beyond 
the EPRUM. Thiir, is because an pawerup, the VIC checks for Read/Write 
memory and Bets the top of RAM pointer to the first location it can- 
not read what it writes. By manipulating the beginning of BASIC poin- 
ter you could execute a program in BASIC stored m ROM. How to da 
this beyond the scope of this booV . 




cso 



CR/W 



6it2 



BLti 
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H ~L X 
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DESCRlPriQN 



A 



When power fails, the contents of FAI-l memor y d j ssappptjar , un 1 ess. 
of course it has a data retention -feature. Here is how to build an SK 
RAM with this feture, and an appl i cat i on for it that might rai some 
eyebrows. 



THEGRY OF OPERATIDN 



CMOS 2KXB memoriE's like the HITACHI HMtllfe have a standby opera- 
t i on mode in which they draw very 1 1 1 1 1 e power ^ typically under t OOuA 
at Z volts. 

A memory board can be built with these memor les using some ex tr a 
circuitry to activate the standby feature and a couple of batteries 
to provide standby power. Such a board would retain data for a few 
hundred hours af ter the power to the VIC is turned of-f. The bat- 
ten es wi 1 1 recharge when the power i s turned on agai n , ready f or the 
nej: t power down cycle. 

The memory circuit is similar to the one shown for the 8K/16K RAM/ 
HDh. It operates in Identical fashion when the +5V power from the VIC 
15 present. Resistor R is used to trlc^^le charge the NiCad batteries. 

When the +5V is lost, the relay opens up, isolating the EVAM array 
f arm the VIC* Now the di ode conducts and powers the RAM, The tr^^nsis- 
tor is also turned off, and all outputs of the NOR gate become high, 
satisfy! ng the need for high chip sel ects dur i ng power down. The 
rener diode insures that the chip sleets become high early during the 
power down eye 1 e - 

NQTE : NEVER solder di r ect 1 y on a battery (inless it has wir es 
wel ded on by its manufacturer ) . Use a battery hoi der i n stead « and 
solder on its terminals. 



ftN UNORTHDDDX (MIB) APPLICATION 



It IS possible to transfer the contents of a qame cartridge to 
this SK RAM and use 1 1 i nstead of the car tri dqe - Usi ng a PEEK-RDKE 
loop, all data from the cartridge can be transferred to the RAM which 
now can substitute for the cartridge. E':tra RAM loaded with programs 
can be stored to a racl- with connectors th^it supply -•-5V to the appro^ 
priate pin for trickle charging of the NiCad batteries. 

Need i ess to say , dup 1 1 c 1 1 on of copyr i qh t ed pr ogr ams f or sal e is 
clearly illegal. Duplicatin for personal use might not be so clearly 
illegal but is certainly cl ear I y unethi cal . 
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DESCRIPTIUN 



T»iE micrDprocessor CPU within the VIC can address up to bAK of 
(Tiemary. Only about 3jK □+ this space is user accessible. The rest is 
i,sed by the operating system and BASIC interpreter. This project lets 
you add up to 128^ ai RAM to the VIC using only BK o-f the address 
space, using a trici; called paging. 



THEORY QF OPEFirtTlON 



The 6502 CPU used in the VIC has 16 address lines. Thus the ma>:- 
imum memDry ot can directly address is 64>; , ar 2 to the power 16. To 
increase the size of the directly addressable RAM, the CPU chip must 
modified. This obviously cannot be done because the 6502 is cast in 
tjlicon and it is not possible to change it. However, if somethir.g 
other than directly accessible RAM js acceptable there are techniques 
that will allow us to implement very large memories. 

A very siftiple technique to increase addressable memory is paging, 
long time ago, scrolls were replaced by books and the concept o-f a 
paging became established in publishing. A page is actually a small 
window to the te::t. You can only view a portion of the te>:t at a time 
(as opposed to the whole te>:t on fully unrolled scroll), in a bool: , 
accessing the tejJt by flipping p^iges does not change the space of 
your desk tal:en up by the hook. 

Book paging directly translates to paging done in a computer. A 
page can be let's say Vou position a stack of pages (booU> at any 

available and convenient location on the address space (desktop). ftt 
any given time you can only access the contents of the current page. 
To access the contents of another page it must be made current by 
swapping (flipping) pages. 

Seems like a wonderfully simple idea but how complicated is it to 
build it"^ Actually it is very easy to implement paging. We need a 
number of memory boards that have an e>:tra enable line. The aK/16K 
RAM/RDM board described earlier has a line called BANK (the form of 
paging described here is also known as bank switching) that would do 
Just fine. 

Now lets say we have two of these memory boards populated with 81*; 
of RAM, and we configure the jumper blocks so that each one responds 
to addresses between *2Ci00 and t3FFF. If we plug them both in a back- 
plane, every time we try to read from any location between *2000 and 
13FFF, both memory boards will be activated and the result would be 
noise instead of data as each board would try to force the bus to 
reflect its own data. 

Mow lets say that we connect the EAMK line of the first board to 
PBO of the user port anii them we connect the BANK line pf the other 
board to PBl. We have four possi b 1 i t i es: 



PBO PBl 



O 

1 

1 O 
1 1 



NOT ALLOWED. WILL ENABLE BOTH BOARDS. 

BOARD ttl ENABLED 

BOARD #2 ENABLED 

BOARDS 411 AND #2 DISABLED. 



So by PQKEing a 1 or 2 to the user port we can switch between two 
banks of 8K of memory both in location *20(.10 to *3FFF. The page sire 
IS and there are two 8K pages. Ule can take this to the limit by 
populating the boards with list' of memory and using all a bits of the 
Liser port. This will give us eight liK pages or 12B of accessible RAM 
using only 16H of the address space. 



PROGBAMMINE NOTES 



So far CO good, but what's the catch'-' Well the catch is the sof* 
ware. For one, the BASIC in the VIC has not been written to accom 

y 



date paging* Not that it is i mpossi b 1 e to do < on the contrary) but 
memory has becamt? cheap only recently while MICROSOFT'S BASIC was 
designed 7 yeisrs ago. However it may still be possible to work things 
ar'ound these lifnitations by manipulation of the pointers to BHSlC 
t e>: t st ored in page r er o - 

Ws thout any modi + i cat i on to BAS I C we can use the extra Rflh f or 
dat a st or age , as 1 ong as we access the data using PEEK and POKE . If 
we 1 eave BASIC al together and go to machine language, the limitati ons 
are few. You must be careful not to swap pages from a program that is 
on the page being swapped out (doing that is eguivalent to standing 
on a tree branch you are chopp s ng of f > . And of course you muat ^^eep 
track of where the data and programs are and swap pages at the ap- 
pr 1 ate timies, 

BAS IC pr ogr amB can be stored in ROMS or RAMS pages and 1 oadpd 
into the pr Ob lem locati on using a si mp ie program in machi ne language. 
When the program is 1 aabed , an unused RAfl page i s swapped i n so the 
BASIC program sees all memory present and is not affected by paging. 
Much faster than a disk and much more rel lable. 



SOME IMPLEMENTATIONS 



The use part of+ers the simplest way to implement paging at the 
co^t of using up this ver sat i 1 e port . An, al ter nat e sppr ach is to 
dedi cate an oLit put port to bank swi t chi ng - See the prcject on the 
dual I/O port on how to add ports to the VIC. 

If you would like to have BK pages, you can very easily convert a 
fully populated 16K board to two 3K pages as follows; 

I4 Connect pins 2 and 3 of ICIO together 

2 . Connect one j umper only from the BLK signal that represents the 
desi red page wi ndow to pi n 2 0+ ICIO 

3, Connect pin 4 of iC9 to the paging port. 

The board is selected when a '0' is is present the board select 

input (pin 4, ICIO). It will respond to adresses within the blocli: 
determined by the BLK signal used to drive ICIO* 

The page select input selects tf>e lower 3K an the board when it is 
'O' and the upper BK when it is '1*. Thus th one output port, eight 
SK pages can be swapped- An additional port will allow B more pages 
and so on. 





TWO , Pft6E5 
AT ADDCfS? 
i200C TO $ 3FFF 



DESCRIPTION 
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A very simple bridge between the digital and analog (worlds can be 
made using only resistors connected to the user port. AlthoLigh not 
ctccurate enough for precision worV:^ thiti A/D can be used to generate 
audio signals and to de^nonstrate the operrition of the D/A converter. 



THEORY OF OPERATION 



This project uses the R— 2R ladder which is the heart o-f all 
modern D/A connectors. One o-f its advantages is the use of only two 
values of resistance, R and 2ft. Only the ratio of the resistances 
IS important, not their actual value inal:ing it relatively insen- 
sitive to variations in temperature. 

In operation, the output at the point marl:ed 'LADDER OUT' is l/T 
the voltage at PB4 . plus 1/4 the voltage at PB3, plus 1 /B the voltage 
at PB2, plus 1/16 the voltage at PBl, plus 1/32 the voltage at PBO. 
Thus the resulting outpt.it voltage is a properly weighted sum of the 
individual inputs and represents the value of the binary number at 
the inputs PBO to PB4. 

The output impedance of the ladder is R Ohms < regard! ess of how 
many steps it has. Electrical Engineering undergraduates usually 
have to prove this paradox as an exercise). 

To avoid loading the ladder, an operational amplifier is used as 
buffer. It should be powered from a +9V supply to avoid non-linear 
operation around -t-5 volts. Resistor Rl raises the fninimum output 
above the groLind about "2 volts to avoid poor operation of the op-amp 
around that area too. An op-amp is shown in the schematic but 

a 711 can also be used as well. With an LM324, Rl couid be omitted 
without serious effects In the linearity of the output. 

The R-'2R resistor ratio should be as close to 2 as possible. IV, 
tolerance resistors are prefered, but 57. will wor I: O.K. If you have 
5'/, lOK and 201". resistors to sort through, you may use the circuit 
shown elsewhere for the thermometer and substitute the resistors for 
the thermistor, printing out the count for each resistor. Resistors 
Hith counts as close as possible should be selected. 



PROGRAMH I MB 



Machine language programming is generally necessary to achieve 
output at audio frequencies. You only need to store to the 5 least 
significant bits of the output port the value you want to convert to 
analog. (Do not forget to set the data direction register to output 
first) . 

The following program in BASIC will generate a triangular wave 
made up of 32 steps in each side. It can be observed by using an 

oscilloscope at the ouLpLtt. 



100 POKE 37138,255 

no P=37136 

120 FOR 1=0 TO 31 

130 POKE P, I 

140 NEXT 1 

ISO FOR 1=31 TO O 

1 bO POKE P . 1 

170 NEXT I 

!B0 GO TO 120 



ZK 



OUT 



-Wv — • 

R R 




PBO 



9VftC 




2P, 



-W\ 1 



6ao ^ 



HJ41H6 



OUTPvjt 
VOUTA&E 



s — BIT i=REc;isiOM \y^f\ 
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DESCRIPTION 



This project de^cribp^ & full B-blt precision D/A converter with 
built in reference and voltage outpttt. An 11-bit D/fi converter chip 
is used giving excellent linearity. so this D/A approaches textbook 
per f or mance. 



THEORY OF OPEROTION 



An ideal D/A converter is impossible to make. However, i -f we want 
a very good B-b i t D/A converter, we can take a converter specified 
for higher resolutian and configure it far the lower resolution we 
need. Its cost is somewhat higher but we get outstanding perfor- 
mance. In this project we use an 11-bit D/A converter IL configured 
for a-bits plus sign. 

The data lines of the user port drive the data lines of the con- 
verter and CB2 drives the sign, controlling the polarity of the out- 
put . 

The converter has a built-in voltage reference and voltage output 
so no extra components are necessary. However it needs a ti5V power 
supply which must be supplied SKternaily. Modular power supplies are 
availablbe for these voltages or one can be built as shown in the 
schemat 1 c . 

Full scale output can be adjusted to ICi*24 volts e>;actly Ifor 40 
mV steps) by using an external potentiometer as shown* 

f1a;-:imum output drive of the converter is 1 C' mA, which should be 
sufficient for most applications. If more output is de&ired a buffer 
should be used. 



PROGRAMMING NOTES 



Set the user port to output by a POh.E _'713B,2S5. For positive 
output set CB2 to high using the manual mode as follows: 

POKE 3714a, lPEEK!37148)AND 31) OR 192 

For negative output set CB2 to low as follows: 

POKE 3714B, (PEEK(3714e)AND 31) OR 224 

Poi:e the value you want converted to analog in the user port data 
regi ster 

POKt >7136. VALUE 

The DAC-210 settles within l.S^is so it can take data as fast ai. 
you can output it, even if your program is in machine language. 



AN UNUSUAL APPLICATION 



The D/A converter can be used as a multiplier if the reference 
input IS driven by an external signal. The reguirements are that the 
external signal varies between 3 and lu volts. If the signal fed into 
the reference input is audio, the D/A converter can act as a digital 
attenuator to control volume or to create sound effects by modulating 
under digital control the input signal. 

The schematic ^hows a level shifter required to feed audio in the 
reference input. 
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LESCRIPTIGN 



The 555 timer forms an effective converter iram an analog quantity 
such as resistance or capacitance to a number. ftn ft/D converter con- 
verts a voltage to a corresponding number. In thi& project we inter- 
face an IC A/D converter to the user port. allowing the VIC to mea- 
sure voltage directly, and indirectly any quantity that can be con- 
verted to a vol taqe. 



THEORY DF OPERATION 



The National ADCOBO"? is an 8-blt A/0 converter with an H-channel 
input multiplexer. In this project we will not use the multiplexer 
because the user port does not have the extra lines required to ad- 
dress it. The ADC0809 requires an external clod: which is provided 
by the 555 timer connected as an astabie multivibrator. CB2 on the 
user port is used to initiate the conversion proces*, by generating 
the start -of -conver si on pulse. CBl senses the end-of -conversi on 
signal that signifies that the data lines contain valid data. 

The input signal to the A/D can range from to 5 volts. The 100 
Ohm resistor and 0.01 uF capacitor remove noise that might be picked 
up by external connections. They should be located physically close 
to the A/D IC itself. The driving impedence of the source must be 
less than 1000 Ohms. 

It is good practice to locate a buffer amplifier close to the 
source of the aignal and use a shielded cable to connect the output 
of the buffer to the A/D input. 

Two buffer designs are shown, one for DC signals and the other 
for AC. (AC must be level shifted and scaled bo that it ranges be- 
tween end 5 volts before it can be input into the A/D converter). 



PROGRAMMING NOTES 



Start by making all bits of the user port inputs '.POKE 3713B.0 . 
Then put CB2 in the manual output mode low and CBl to trigger un a 
positive transition •'POKE 37 14B, < PEEK ( 37143) AND 240) OR.20B>. 1209= 
1 1010000) . 

To start a conversion, bring CB2 high <POKE 37148, <PEEK (37148) OR 
240;, and them low <PD^:E 37148, (PEEK (37148) AND 240) OR 20a>. 

The conversion is complete after about 12'j ^ts. so its much fester 
than BASIC statement e>;ecution. Thus ycu can directly read the re- 
sults by '.PRINT PEEK. (37136) >. 

If your program is in machine language it will operate much faster 
so you will have to check the interrupt flag corresponding to CBl to 
detect the end of conversion before proceeding. 
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DESCRIPTION 



The EPSON MX-80 printer gives very good printout quality snd e>;- 
cellent dot graphics. In addition, it is very reliable, faster than 
the ComffKidore 1515. uses standard width paper and can be bought mail 
order at about what you will pay (or the 1515 at a Commodore dealer. 
Thi5 project details a very simple inter-fare to the MX-SO via the 
user port. While liftiited in applications (BASIC LIST and PRINT** won't 
wDrl ) it does give you access to the MX-SiJ dot graphics and allat/s 
word processing using a word processor lihe the WORD WHIZ/aO. 



THEORY OF OPERATION 



The EPSON nx-aO comes standard with what is l:nown as a 'Centronics 
Parallel Interface', named after a company the MX-80 almost put out 
of business. Centronics, a U.S. company, was the first to introduce 
and make popular the low cost dot matrix printer and their interface 
became the de facto industry standard (the NEC B020fl and the C. Itoh 
PRQWRITER use the same interface and this project applies to them 
as wel 1 > . 

The Centronics interface is a handshaking 8-blt parallel interface 
that works as follows: The computer puts the data (ftSCII code of 
character to be printed) out on the port and generates a low pulse on 
a line called 'STROBE' to indicate to the printer that valid data is 
available. The printer accepts the data and replies by pulsing low 
a line called ACKNLG (fiCklNowLedOe) . If the printer is busy no data is 
lost because it does not generate the acknowledge until it has ac- 
cepted the data, and the computer waits for the ACKNLG pulse before 
proceeding. The timing diagram of the process is shown below. 

DATA 



TO pt^ihiren 



This type of output with handshake suits the user port perfectly. 
PB0-PB7 can carry the data, C&2 generates the strobe and CSl senses 
the ACKNLG pulse. All that is required in terms of hardware for the 
interface is a cable with connectors to plug to the user port on one 
end and to the printer on the other. The wiring of the cable follows 
the list shown. 



PRDBRfiMMING 



First the port is configured for output by POKE 37139,255. Then 
CB2 IS configured for pulse output when data is written to the user 
port and CBl is set up to detect the negative transition of ftCKLNb. 
This 15 done by writing lOlU to the high order bits of the PCR. 

PGKE 3714R, (PEEK (3714B> AND 15) OR 160 

Data 15 output to the printer by POKEing the ASCII codes to the 
user port. For example, to print an 'A', POKE 37l3i,65. The printer 
operation is sometimes (during carriage returns for example) slower 
than the e>:ecution of BASIC so it is necessary to check for the ac- 
knowledge (bit 4 of the interrupt flag register doc. 37149). 



200 IF (PEEK (37 14f ) AND 16)=0 GO TO 200 



Fpr e);efnple, here is a program that will print out 10 ft' 



100 REM TEST 

110 POKE 37ir.B.255 

120 POKE J71fla, (PEEK (371481 AND 15) DR 160 

130 FDR 1=1 TD 10 

140 POKE 3713(b.i>5 

150 IF (PEEK (3714'?) ANO 16> = O GQ TO 150 

liO NEXT I 

1 70 END 
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Tt^e user port on the VIC is a very convenient feature that simpli- 
fies interfacing significantly. Since more of a good thing is a bet- 
ter thing, hpre is a way to add mare I/O ports to your UlC. This pro- 
ject describes a dual I/O port using the e>;pflnsiQn bu«, and the 6522 
VIA tor compat 1 tji 1 1 ty with the user port. 



THEORY OF OPERATION 



The VIC designers have made provisions for I/O interfacing by 
setting aside two memory blocks (»9B0(;i to *9BFF and ♦9CCI0 to *'?FFF) . 
There are many Mays to implement inpi.it or output ports, but nothing 
rivals the versatility of the t522 Wlfi IC which was specifically 
designed to provide 1/0 ports for the 6302. An additional reason to 
use the VIA is software compatibility with the user port format. 

Interfacing the VIA is straightforward. To the outside world it 
looks like two ports, A and B with handshake lines (CA1,CA2 and 
CB1,CB21. To the 6502 the VIA looks like 16 registers, addressed by 
lines RS0-RS3 on the VIA. Two chip selects are provided, one active 
high <CSI) and one active low (CS2I. A bidirectional data bus con- 
nects to the 6302 bus and the control signal* RESET, R/W, IRQ and o2 
are directly compatible with the equivalent signals on the 6502. 

In our design, CS2 is driven by either 1/02 or 1/03, the I/O ares 
select signals available at the e>:pansion bus. CSl is driven by the 
output of a comparator that places the 6S22 in the upper 16 positions 
of a total of 32 address blacks. Each block has 32 locations but the 
VIA uses only 16. A 4 position DIP switch configures the comparator 
to respond to the addresses within a selected block. 



PROGRAMMING 



The VIA will respond to addrE 
gram below: 



in the range •hown in the dia- 
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As an example, assume that 1/02 is used to drive CS2 and that cill 
switches in the DIP switch are open ('1'). The addressing will be: 
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The □ represents on of the registers of the VIA as described m 
page 218 of the VIC-20 Programmers Reference Guide, 

If 1/03 was used instead of 1/02, the address would have been 9FED 
If in this second case switch So was closed CO') the address would 
be 9FCP. 



CONSTRUCTION HINTS 



Use either PC or wirewrap CDnstructlon, If you would like plug 
compatibility with the user port, put an the tap ot the board a 12/1"J 
pin, .!56'' spacing PC connector -for PB0-PB7 and CB1,CB2. Port A can 
go to a 16 pir. socl'et. 
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